Sixty-five isolates were analyzed for virulence, antibiotic resistance and adherence genes by in silico tools. Thirteen virulence genes were selected to classify Escherichia coli isolates. The most prevalent virulence gene was shiga toxin, stx2 (13.85%). Out of the 65 isolates, 3 isolates were harbouring heat labile enterotoxin (LT1) and isolate NC_017633 Escherichia coli ETEC H10407 and NC_017641 Escherichia coli UMNK 88 harboured STI and STII genes, respectively, both of which were representative of ETEC. Six isolates were positive for vt1; and none of the isolates had the vt2 gene. The intimin gene, eaeA was detected in seven isolates (10.77%). The presence of Escherichia coli O157 was confirmed by rfbE genes that were present in five isolates (7.69%). Among the 8 hlyA positive isolates, 5 were positive for both hlyA and eaeA genes that classified the isolates into typical EHEC. Two isolates (NC_013941 Escherichia coli O55:H7 str. CB9615 and NC_017656 Escherichia coli O55:H7 str. RM12579) were classified as atypical EPEC as contained only eaeA gene and no bfpA gene. Five isolates (7.69%) were positive for astA gene and four isolates (6.15%) had the aggR gene. So most prevalent verotype was EHEC (11 isolates), followed by ETEC. No Enteroinvasive E. coli (EIEC) was found. Eleven isolates (16.92%) had the sulfonamide resistance gene, sul2. The curli genes, csgA and crl were seen in 31 (47.69%) and 40 isolates (61.54%), respectively. Eleven isolates (16.92%) had the type 1 fimbriae and these isolates were likely to form biofilm on abiotic surfaces. The sfa gene was detected in 5 isolates and hence these isolates might be able to bind to receptors containing sialic acid residues. None of the isolates had the genes papC which are required for colonization on uroepithelial cells. In silico pulsed-field gel electrophoresis (PFGE) was able to group isolates into 25 genotypes. Genotype 8 was more virulent and contained only EHEC isolates. Genotype 17 contained all antibiotic resistance genes except tetC, sul3 and catA1 genes. Genotype 17 also contained three adhesive genes. Virulence profile analyzed in this study helps to compare the genes with previously published human pathogenic strains and verify possible genetic similarities and assess the distribution of these genes based on genotypes. This study helps to select antibiotic for treatment and improve the outcomes with severe bacterial infections based on genotyping.
INTRODUCTION
People in the developing countries suffer from diarrheal disease because of unsafe drinking water, poor sanitation and hygiene practice. Virulence property of Escherichia coli may contribute to life-threatening diseases in humans. Heat labile (LT) and heat stable (ST) enterotoxins disrupt the balance of intestinal fluid and cause hypersecretion of fluid and electrolytes (Hughs et al., 1978; Moon 1978) . Shiga toxin producing E. coli (STEC) produced two toxins (Stx1 and Stx2) which were reported earlier by Jafari et al. (2012) . Enterohemorrhagic E coli (EHEC) strain causing hemorrhagic colitis (HC) was reported by Nataro and Kaper (1998) . Aldick et al. (2007) published that EHEC hemolysin, ehx is cytotoxic to endothelial cells and contribute to the development of HUS (Hemolytic uremic syndrome).
A new strain named Entero-Aggregative Haemorrhagic E. coli (EAHEC) was identified by Wu et al. (2011) and Brzuszkiewicz et al. (2011) that had the virulence property of EAEC and produced stx2 but had no LEE pathogenic property. As previously described by Croxen and Finlay (2010) and Johnson and Nolkan (2009) , EHEC contains enterocyte effacement locus (LEE) like EPEC and produces attaching and effacing lesions (A/E). Vila et al. (1998) demonstrated that EAST-1 is a heat stable enterotoxin encoded by many other pathogens besides EAEC. Mulvey et al. (1998) described that UPEC strain is responsible for UTI (Urinary tract infection) infection with the expression of broad-spectrum virulence factors. Adhesin gene helps them to colonize not only to cells but also help them to form biofilms. He et al. (2012) reported that biofilms might enhance their resistance to environmental perturbations and help them to survive in harsh conditions. Lopez-Banada et al. (2014) described that papC gene is responsible for pyelonephritis. Other fimbriae that are associated with adherence are type 1 fimbriae (fimA), S fimbriae (sfa), curli fimbriae (csg) etc. (Mulvey, 2002; Antao et al., 2009; Johnson and Stell, 2000) . Anonymous (2004) , Danmap (2004) , Guerra et al. (2003) and Lanz et al. (2003) reported that E. coli is mostly resistant to tetracyclines, sulfonamides, streptomycin or spectinomycin. Continuous evaluation of antibiotic resistance gene prevents the emergence of multidrug-resistant strains.
These data help to predict virulence, antibiotic resistance and adhesion genes of 65 E. coli isolates and identifies genes responsible for E. coli infections. Identification of antibiotic resistance genes also help to select effective antibiotic against E. coli infections.
MATERIALS AND METHODS

Strains used
Isolates used in this study are summarized in Table 1 . 
PCR primers
The primers used in the study are summarized in the Tables 2, 3 and 4.
PCR amplification
An online basis software, http://insilico.ehu.eus/PCR/ was designed to perform in silico PCR amplification and endonuclease digestion (San Millan et al., 2013; Bikandi et al., 2004) . PCR amplification was performed by selection of genome and introduction of a primer; and resulting PCR product is computed automatically with desired band size of a specific gene (Bikandi et al., 2004) . 
PFGE digestion
In silico pulsed-field gel electrophoresis (PFGE) digestion and construction of the dendrogram was done in the website http://insilico.ehu.es/digest/. The enzyme used for the digestion was Sgr Dland recognition sequence was CG'TCGA_CG (San Millan et al., 2013; Bikandi et al., 2004) .
RESULTS AND DISCUSSION
Fragments of different size were generated by SgrDI digestion and separated by pulsed-field gel electrophoresis (PFGE). Dendrogram was constructed in the website. Sixty-five Escherichia isolates were separated into 25 different groups at 50% similarity coefficient (Fig. 1) . Genotype 20 was more prevalent (12.31%) followed by genotype 1 (10.77%) and 12 (9.23%). Genotype 5, 7, 10, 11, 18, 19, 21, 22, 24 and 25 was present in low abundance containing 1.54% of the isolates (Fig. 2) . Lindenthal and Elsinghorst (2001) reported that watery diarrhea of E. coli strain was caused by heat labile (LT) or heat stable (ST) enterotoxin. Out of the 65 isolates tested for the LT1, STI, STII, VT1 and VT2 enterotoxins, three isolates (Escherichia coli E24377A, Escherichia coli ETEC H10407, Escherichia coli UMNK88) were found to possess LT1 enterotoxin and the gene product was 360bp., and their percentage of prevalence was 4.62%. The gene product for STI toxin was 160bp while that for STII toxin was 423bp. Isolates, Escherichia coli ETEC H10407 and Escherichia coli UMNK88, were positive for STI and STII enterotoxin, respectively; and prevalence of STI and STII enterotoxins were 1.54%. These were Enterotoxigenic E. coli (ETEC) (Rajkhowa et al., 2009) . Palaniappan et al. (2006) reported that ETEC causes traveler's and porcine and bovine diarrhea. Isolate Escherichia coli ETEC H10407 harboured both LT1 and STI enterotoxin and isolate Escherichia coli UMNK88 harboured both LT1 and STII enterotoxin. Verotoxin producing E.coli, responsible for foodborne disease in the USA, Canada, Japan and Europe, was reported by Griffin and Tauxe, 1991; Nataro and Kaper, 1998 . The 130 bp gene product of vt1 was found in 6 isolates, but no isolate harboured the vt2 gene, these might be Enterohemorrhagic E. coli (EHEC). Genotypic distribution of this genes found that isolate NC_017633 Escherichia coli ETEC H10407 present in genotype 18 harboured both LT1 and STI enterotoxin (100%) (Fig. 3) . Low prevalence of LT1 enterotoxin was encountered in genotype 12 (16.67%). The STII enterotoxin was present in genotype 17 and the prevalence was 20%. Genotypic distribution of vt1 gene found that isolateNC_013353 Escherichia coli O103:H2 str. 12009 present in genotype 11and NC_013361 Escherichia coli O26:H11 str. 11368 and NC_013364 Escherichia coli O111: H-str. 11128 present in genotype 14 harboured the vt1 gene. The vt1 gene was also present in genotype 8 but the prevalence was 60%. Shiga toxin producing E coli (STEC) produced two major toxins (Stx1 and Stx2) that causes hemorrhagic colitis (HC) and hemolytic uremic syndrome (HUS) (Karch et al., 2005; Karmali et al., 2010 (1998) described that rfbE gene was used to detect E coli O157. The 327 bp gene product of the rfbE gene was present in 5 isolates (7.69%). These five isolates were also expressed eaeA gene. Figure 4 is representing the genotypic distribution of shiga toxin, enteroaggregative heat stable enterotoxin 1, rfbE gene and aggR gene. Genotypic distribution shows that all the isolates present in genotype 11 harboured both stx1 and stx2 genes (Fig. 4) . The stx1 and stx2 genes were also present in genotype 8 but their prevalence was 60% and 100%, respectively. The stx1 and stx2 genes were also present in genotype 14 (100%) and 13 (75%). The astA gene was more abundant in genotype 18 and 22 (100%). The astA gene was also present in genotype 12,16 and 17 and low prevalence was encountered in genotype 12 (16.67%). All isolates present in genotype 8 contained rfbE gene (100%). Seventy five percent isolates present in genotype 13 harboured aggR gene. The aggR gene was also present in genotype 16 and fifty percent isolates present in genotype 16 harboured aggR gene. Other important virulence factors include cytotoxic necrotizing factor (cnf1 and cnf2), hemolysin (hlyA), the product of eaeA gene, intimin, and ipaH gene. Caprioli et al. (1983) reported that cnf gene was responsible for neonatal enteritis. The cytotoxic necrotizing factors, cnf1 was found in two isolates (Escherichia coli UM146 and Escherichia coli UTI89). No isolate was found to be positive for cnf2. Ahmed et al. (2007) reported that cytotoxic necrotizing factor (CNF)is responsible for urinary tract infection. This is indicating that these were Uropathogenic E.coli (UPEC). The hlyA gene was found in 8 isolates. The prevalence of hlyA gene was 12.3%. The hlyA gene was present in both verotoxin and shiga toxin producing E coli. So, these were representative of Enterohemorrhagic E coli (EHEC). Schmidt et al. (1995 Schmidt et al. ( , 1996 reported that plasmid encoded enterohemolysin causes severe clinical disease in humans. The eaeA gene is more commonly associated with Enterohemorrhagic Escherichia coli (EHEC) and Enteropathogenic Escherichia coli (EPEC). Jerse et al. (1990) reported that eaeA gene is responsible for the attaching and effacing lesions in human enterocytes. Seven isolates had the eaeA gene and the percentage of prevalence was 10.77%. Among the seven isolates, five was positive for both eaeA and rfbE as mentioned earlier. These five eaeA positive isolates were also positive for the hlyA gene. It can be concluded that these five isolates were typical Enterohemorrhagic E. coli (EHEC) since they contained both hlyA and eaeA gene (Hegde et al., 2012) . Two isolates had the eaeA gene only which means that these are Enteropathogenic E. coli (EPEC). Palaniappan et al. (2006) reported that EPEC is mainly responsible for diarrhea in children and animals. The bfpA gene is also used for identification of Enteropathogenic E coli (EPEC). No isolates harboured the bfpA gene. Hegde et al. (2012) reported that E. coli harboured only eaeA gene and no bfpA gene are classified as atypical EPEC. So, these two isolates that harboured only eaeA genes were defined as atypical EPEC. Kaper et al. (2004) demonstrated that recent studies found more atypical EPEC strains. No invasion plasmid antigen, ipaH gene was found which is the common trait of Enteroinvasive E coli (EIEC). Palaniappan et al. (2006) also published that EIEC and EAEC genes were found only in humans. The cytotoxic necrotizing factor cnf1 was present in only genotype 1 and the prevalence was 28.57% (Fig. 5) . Genotypic distribution of hlyA gene showed that all isolates present in genotype 8, 11 and genotype 14 harboured hlyA gene (100%). All the isolates present in genotype 8 and 9 had the eaeA gene. Distribution of antibiotic resistance gene within genotypes Olowe et al. (2013) reported that tetracycline resistance is acquired by energy dependent efflux pump system. Roberts (1996) reported that protein synthesis of tetracycline gene is inhibited by binding of aminoacyl-tRNA with the bacterial ribosome. The tetracycline resistance gene A, tetA gene was present in 9 of the 65 isolates and hence the overall prevalence of this gene among the selected isolates was 13.85%. The tetB gene was seen in 6 isolates and hence the prevalence is 9.23%. The tetC gene was present in only 2 isolates (Escherichia coli APEC O1, Escherichia coli O83:H1 str. NRG 857C) and the prevalence was 3.08%. Genotypic distribution of tetA and tetB gene was similar in genotype 13, 14, 16 and 17 and their prevalence was 25%, 50%, 50% and 20%, respectively. The tetA gene was also present in genotype 4 and their prevalence in genotype 4 was 50%. The tetC gene was present in genotype 1 and 12 and their prevalence was 14.29% and 16.67%, respectively (Fig. 6 ). Ahmed et al. (2010) reported that chloramphenicol acetyptransferase, catA1 gene is responsible for plasmid mediated resistance to chloramphenicol. Dorman and Foster (1982) demonstrated that chloramphenicol resistance is acquired by chloramphenicol acetyltransferase (CAT) enzymes that prevents the binding of chloramphenicol to 50S ribosome. Shaw (1984) also described that none of the catA genes has been shown to confer resistance to florfenicol and no homology was observed between CATs and Flo (florfenicol). Among the 65 isolates analyzed, six (9.23%) isolates harboured a 547 bp amplicon for catA1 gene. Bissonnette et al. (1991) reported that chloramphenicol resistance gene, cmlA gene is also responsible for chloramphenicol resistance and confers resistance through non-enzymatic efflux pump. Bolton et al. (1999) reported that amino acid sequence of cmlA and flo is 50% similar but cmlA resistance to florfenicol is not clear. Only Escherichia coli UMNK88 was positive for the 699 bp PCR amplicon for cmlA gene. Hence the prevalence was 1.54%. The strB gene was present in 9 isolates and produced 509 bp PCR product. So, the prevalence was 13.85%. Genotypic distribution found that catA1 gene was more prevalent in genotype 16 (100%) (Fig. 7) . Fifty percent of isolates present in genotype 4, 14 and 15 harboured catA1 gene. Genotype 4 and 12 contained both strB and catA1 gene. The cmlA gene was present in only genotype 17.
Distribution of virulence genes within genotypes
Genotype 17 also harboured strB gene. Prevalence of strB gene in genotype 4, 6 and 9 was 50%. Perrenten and Boerlin (2003) and Skold (2001) reported that resistance to sulfonamide is acquired by sul1, sul2 and sul3 gene (sulfonamine resistane genes). The sul1 gene was seen in 5 isolates and hence the prevalence was 7.69%. The sul2 gene was present in 11 isolates and produced a 250 bp PCR product. So, the prevalence was 16.92%. None of the isolates were positive for sul3 gene. Figure 8 presented the genotypic distribution of sulfonamide genes. The sul1 gene was more prevalent in genotype 16 and low prevalence was encountered in genotype 1. All the isolates present in genotype 16 harboured sul1 gene. The prevalence of sul2 gene was more abundant in genotype 5. Genotypic distribution of sul1 and sul2 gene was similar in genotype 1, 4 and 17 and their prevalence was 14.29%, 50% and 20%, respectively. 
Distribution of adhesin gene within genotypes
The curlin subunit gene, csgA gene was seen in 31 of the isolates (47.68%) with a 200 bp gene product. The crl gene was present in 40 isolates (61.54%). Hence a 250bp PCR product was seen. According to Hammar et al. (1996) , genes that are involved in curli formation are encoded in csgBA operon and csgDEFG operon. Chapman et al. (2002) reported that without csgB gene no curli are assembled and unable to secrete csgA from the cell. Arnqyist et al. (1992) found that RpoS (RNA polymerase, sigma S) binds with csgBA promoter after interaction of crl with Rpo Sand therefore crl is required in most strains for curli expression. The curli regulatory gene, crl gene has a more regulatory role and csgA has a phenotypic role. Nine isolates had the crl gene but no csgA gene indicating that though has the gene for curli formation didn't exhibit phenotypic properties. All the isolates present in genotype 10, 11, 12, 13, 15, 17, 18, 19, 21 and 22 harboured both csgA and crl genes (100%) (Fig. 9) . Genotype 14 and 20 also contained both csgA and crl genes. The prevalence of csgA and crl genes in genotype 14 were 50% and 100%, respectively. The crl genes were also present in genotype 8, 9 (100%) and lower abundance was seen in genotype 23 (50%). The S fimbrial adhesion, sfa gene was present in 5 isolates. The prevalence was 7.69%. Isolates harbouring sfa gene were also positive for two UPEC (uropathogenic Escherichia coli) strains, Escherichia coli UM146 and Escherichia coli UTI89. Morschhauser et al. (1990) reported that S fimbrial adhesion (sfa) enable pathogenic Escherichia coli to bind to sialic acid containing eukaryotic receptor molecules. Previous study reported that (Stain et al., 1994) with the help of sfa Sadhesin, S fimbriated-E coli bind to brain endothelial glycoproteins called NeuAc alpha 2,3-galactose. This binding help the bacteria to penetrate blood brain barrier and develop meningitis. So, this sfa containing isolates are more likely to cause sepsis and meningitis. Type 1 fimbriae are encoded by fim gene cluster (Iida et al., 2001) . Mitra et al. (2013) described that it is an importance virulence factor in UTI (Urinary tract infection) infection. The fimA gene was present in 11 of the 65 isolates and hence the overall prevalence of this gene among the selected isolates was 16.92%. As previously described by Blumer et al. (2005) , this gene forms biofilm for cell surface attachment which enables them to persist in the harsh environment. Soto et al. (2007) reported that biofilm forming strains demonstrates higher type 1 fimbriae expression. None of the isolates had the pyelonephritis-associated pili C,papC gene. Uhlin et al. (1985) demonstrated that Pap pili are associated with pyelonephritis and is responsible for binding to digalactosidecontaining glycolipids on the uroepithelium. The type 1 fimbriae, fimA gene was more prevalent in genotype 17 (Fig. 10) . Eighty percent isolates present in genotype 17 harboured fimA gene. The prevalence of fimA gene in genotype 20 was 62.5%. The fimA gene had low abundance in genotype 14 and 16 (50%) and rest of the genotypes harboured no fimA gene. The sfa gene was present in only genotype 1 (57.14%) and 3 (50%). 
CONCLUSION
The most prevalent virulence factor was the shiga toxin producing gene, stx2 (13.85%). Among the 65 isolates analyzed, the most prevalent verotype was EHEC (11 isolates) followed by ETEC (3 isolates). Five isolates were classified as typical EHEC since they harboured both hlyA and eaeA gene and two isolates were classified as atypical EPEC since they carried only eaeA gene. Genotypic distribution showed that genotype 8 was the most virulent where it harbours 6 virulent genes that defined in EHEC. This study showed that the most prevalent antibiotic resistance gene was sulfonamide resistance gene, sul2 (16.92%). Genotype 17 contained all antibiotic resistance genes, except tetC, sul3 and catA1 gene. Genotype 4 contained 5 antibiotic resistance genes. The crl gene was the most prevalent adhesive gene. Genotype 17 contained three adhesive genes. Adequate hygiene practice should be implemented strictly to control E coli contaminations. Adequate heat and temperature should also be maintained for the production of dairy products. 
